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The severely ill infant or child who requires admission to a pediatric intensive care unit
(PICU) often presents with a complex set of problems necessitating multiple and frequent
management decisions. Diagnostic imaging plays an important role, not only in the initial
assessment of the patient's condition and establishing a diagnosis, but also in monitoring the
patient's progress and the effects of interventional therapeutic measures. Bedside studies ob-
tained using portable equipment are often limited but can provide much useful information
when a careful and detailed approach is utilized in producing the radiograph and interpreting
the examination. This article reviews some of the basic principles of radiographic interpreta-
tion and details some of the diagnostic points which, when promptly recognized, can lead to a
better understanding of the patient's condition and thus to improved patient care and manage-
ment. While chest radiography is stressed, studies of other regions including the upper airway,
abdomen, skull, and extremities are discussed. A brief consideration of the expanding role of
new modality imaging (i.e., ultrasound, CT) is also included. Multiple illustrative examples of
common and uncommon problems are shown.
Radiologic evaluation forms an important part ofthe diagnostic assessment ofpa-
tients in the pediatric intensive care unit (PICU). Because of the precarious condi-
tion of these patients, as well as the multiple tubes, lines, catheters, and monitoring
devices to which they are attached, it is usually impossible or highly undesirable to
transport these patients to other areas of the hospital for general radiographic
studies. For this reason, portable X-ray equipment has been designed and is in
widespread use. In a few centers, it has been possible to equip the intensive care unit
with more powerful and sophisticated X-ray generators as well as permanently
mounted, overhead X-ray tubes; nevertheless, these systems, because of their com-
plexity, expense, and basic construction limitations, are not generally available. The
portable X-ray unit, therefore, remains the basic tool in most intensive care units
[1]. However, when clinically indicated, the patient should be transported to other
areas for specialized examinations such as CT, radionuclide scanning, or
fluoroscopic procedures which cannot be performed at the bedside within the inten-
sive care unit.
TECHNICAL CONSIDERATIONS
Before one approaches the specific diagnostic points to be assessed on the film
studies, it is worthwhile to consider certain technical problems which must be
recognized when interpreting these studies.
Consistency in technique is highly desirable and may be influenced by variation in
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available electric current from wall outlets, changes in patient positioning, and cer-
tainly by the use of different machines. The type of equipment commercially
available varies widely. Different systems of electronically generating high-voltage
currents, exposure timing, tube design, and mechanical flexibility make certain types
of portable machines suitable for certain purposes but not for others. Accurate
calibration of portable equipment may be difficult to achieve and maintain as the
equipment is moved from place to place. For these reasons, it is recommended that
the same machine be used whenever possible.
Differences in the skill and judgment of technology personnel are not inconse-
quential. While it is usually impractical to have an X-ray technologist in the inten-
sive care unit at all times, it may be more effective to designate a small group of
experienced technologists as being specifically responsible for duty in the pediatric
intensive care unit, considering them as a part of the team of intensive care
specialists.
The most common technical errors which can make interpretation difficult, if not
impossible are (1) poor patient positioning, (2) patient motion, (3) incorrect ex-
posure settings leading to overexposure or underexposure, and (4) developer
malfunction. Meticulous attention to patient positioning and X-ray tube positioning
cannot be overstressed. Removal of underlying props or supports used to turn
patients and removal of any unnecessary artifacts such as wires, electrodes, or ven-
tilator tubing is advised. Small sandbags and adhesive tape can be used to
immobilize infants or children who are unable to cooperate. Exposure of personnel
to the direct X-ray beam is to be avoided, but the routine use of lead aprons and
gloves will minimize exposure while providing adequate immobilization.
High-speed, fine-detail film and cassettes will help minimize exposure times and
reduce motion artifact. Underexposure, i.e., the production of a film that is "too
light," may be caused by(1) incorrect exposure factors, (2) malfunction ofthe equip-
ment (partial exposure), (3) developer malfunction, or (4) a long film focal-spot
distance. Overexposure, i.e., the production of a film which is "too dark," may be
causedby(1) the use ofinappropriate settings onthe machine, (2) ashort filmfocal-
spot distance (that is, the tube is too close to the patient), (3) double exposure caused
by operator error or faulty equipment, and (4) overdevelopment of otherwise
satisfactory films. There are many causes for malfunction of automatic developers.
Abnormally high or low solution temperatures will often be at fault and these
temperatures must be monitored frequently. Chemical solutions should be fresh and
must be checked regularly, particularly if the developer is seldom used. A routine
quality control program is highly recommended.
The way in which the X-ray films are handled, displayed, and stored will affect
their usefulness in patient management. It is important that the X-ray films obtained
on pediatric intensive care unit (ICU) patients beinspected promptly for quality con-
trol as well as for specific diagnostic information. Comparison with previous studies
is often the only way in which important information can be recognized. Holding a
film up to the ceiling light at the bedside is not compatible with a careful and
thorough examination of the film. All films on ICU patients should be displayed se-
quentially on viewboxes with optimum lighting, so that subtleties will not be
overlooked or ignored. Routine daily review of all films with radiology attending
staff is essential in pointing out trends or problems and will provide better clinical
correlation and radiographic interpretation. Critical films which are mislaid waste
time, duplicate efforts, and ultimately may lead to inefficient, or at worst, inap-
propriate patient care. Finally, the film studies should be regarded as a part of the
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patient's medical record and should not in any way be permanently marked,
modified, or defaced.
A general principle which should be applied liberally is that if the film study is
worth doing at all, it is worth the time and effort to do it right. While unnecessary
repeats should not be encouraged, unacceptable studies should not be passed. The
technical challenge ofachieving good film quality in the pediatric intensive care unit
is great, but with skill, patience, and a desire to provide the best possible service, the
difficulties can be overcome and the art of producing high-quality diagnostic
radiographs can be achieved.
RADIATION PROTECTION
There is usually considerable concern among personnel regarding radiation ex-
posure to both patients and staff in the intensive care unit. Minimal if not negligible
exposure rates are possible if several simple precautions are taken: (1) Equipment
should be checked on a regular basis for proper shielding. This is rarely a problem
with modern, well-maintained equipment which must meet fairly rigid safety re-
quirements. Older or reconditioned models must be checked out thoroughly before
being put into clinical use. (2) All exposures should be coned down to the area ofin-
terest alone. This will minimize direct exposure of the patient as well as reduce scat-
tered radiation, i.e., radiation "deflected" by the patient in all directions. (3) Radia-
tion exposure follows an inverse-square relationship to distance, i.e., the exposure
declines by the square ofthe distance from the radiation source. Thus, if you double
the distance between the patient (source of scattered radiation) and personnel, the
exposure declines fourfold. With the very small doses involved, this usually means
that if one is standing at least several feet away there is negligible exposure. (4) Any
personnel who must remain immediately next to the patient during exposure should
be adequately protected with lead aprons and lead gloves. Under no circumstances
should unprotected hands be directly exposed to the direct beam. (5) When horizon-
tal beam films are obtained (cross-table laterals, decubitus views, etc.), precautions
should be taken so that no one is within the direct path oftheX-ray beam behind the
cassette. The cassette does not absorb all radiation and patients or staff who cannot
be positioned out of the way of the beam should be appropriately shielded. (6) It
should be remenmbered that X-ray radiation does not "bounce" around the room or
linger on after the exposure is completed and does not "build up" or accumulate in
the area. (7) The best way to avoid additional direct exposure to patients is to per-
form only those studies which are necessary and to obtain satisfactory studies the
first time, thus obviating the need for repeats. Guidelines for radiation protection in
thepediatric age group, as well as dose estimates for various types ofprocedures, are
available from the National Council on Radiation Protection and Measurement
(Radiation Protection in Pediatric Radiology, National Council on Radiation Pro-
tection and Measurements, Report No. 68, NCRP Publications, Bethesda, MD,
1981).
CHEST
The most frequently ordered radiographic study in the intensive care unit is the
portable chest X-ray. Most ofthe time this is performed as an AP supine study, i.e.,
the film cassette lies underneath the patient as he is lying flat on his back with the
X-ray tube positioned 38 to 40 inches above the cassette, and the beam directed
downward in a vertical fashion. Semi-erect or erect views may be possible when the
patient's condition permits. Recumbent lateral views (vertical beam film with the pa-
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FIG. 1. (A) Supine fron-
tal chest X-ray on comatose
patient shows bilateral pa-
renchymal lung densities.
Endotracheal tube is in
proximal right bronchus
and nasogastric tube ex-
tends into the duodenum.
Note two rounded densities
(arrows) at the medial as-
pect of the right lower lung
field. These were originally
assumed to be within the
lung but actually represent
callus formation at the
medial ends of the eighth
and ninth ribs due to heal-
ing fractures. (B) A
lateral skull film on the
z::.:::::::...: MR ;same patient reveals a com-
minuted posterior parietal
skull fracture (arrow). Fur-
ther investigation disclosed
extensive central nervous
system damage due to child
abuse.
tient lying on his side) are usually not helpful; however, cross-table lateral views,
utilizing a horizontally oriented beam, may be extremely useful, particularly in
evaluation of pneumothorax, tube positioning, and so on. Lateral decubitus views
(horizontal beam film with patient lying on his side) may also be of value under cer-
tain circumstances, such as defining pleural effusions or confirming a pneumo-
thorax, but require repositioning and more manipulation of the patient.
A systematic survey of the chest film is recommended so that subtle but vital
points are not overlooked. A general assessment of the bones and soft tissues may
lead to recognition of unsuspected trauma (child abuse) (Fig. 1) or demonstrate
areas of subcutaneous hemorrhage, edema, or emphysema.
TUBES AND CATHETERS
Each tube, vascular catheter, drain, or wire should be traced for its position and
course. Gradual changes in the position ofan intravenous catheter or chest tube may
be extremely important (Fig. 2). Most tubes and catheters in routine use will be
either intrinsically radiopaque or have radiopaque markers within them. However,
this is not always the case, thus making assessment of catheter placement impossible
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FIG. 2. (A) Frontal supine chest
-_ g i >,S s c _ radiograph shows bilateral diffuse
pneumonia due to pneumocystis
carinii. Stiff, non-compliant right lung
fails to collapse despite moderately
large pneumothorax. Chest tube in-
advertently placed in axillary soft tis-
sues. Beveled tip of endotracheal tube
seen just above tracheal bifurcation.
(Multiple dense white lines and cir-
cles represent overlying EKG leads.)
(B) Chest tube now within right hemi-
thorax; however, pneumothorax per-
sists and may be under tension. Note
depression of right hemidiaphragm
and slight shift of heart to left. Also
note soft-tissue swelling in the right
axilla due to a hematoma from previ-
ous tube placement (compare with A).
by conventional radiographic techniques unless opaque contrast material is instilled
into the tubing. This is not always innocuous and is not recommended as a routine
procedure, but it may be helpful when the position of a critical line must be ascer-
tained.
Changes in the position of an endotracheal tube or vascular catheter may occur
with changes in the position of the patient's head, neck, arms, or legs. It has been
nicely demonstrated that hyperextending the patient's neck will lift an endotracheal
tube cephalad, whereas flexing the chin may cause the tip of the tube to lie more
distally in the trachea or extend into a bronchus [2]. Turning the patient's head from
one side to the other may also cause changes in the orientation of the tube's beveled
end which, at times, may cause significant obstruction of the lumen [3].
LUNGS
Perhaps the most frequent reason for obtaining a chest X-ray in the intensive care
unit is to assess the lung fields. Whenever possible, the film should be taken during
the peak inspiration phase of the respiratory cycle, but this may be hard to achieve
on uncooperative or unconscious patients or those on ventilatory support. Discon-
necting the respirator in order to take the film should never be done, as this will
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often result in poor aeration of the lungs [4] and unnecessary hypoxia, particularly
in the heavily sedated or pharmacologically paralyzed patient.
The radiographic pattern of normal lung density seen on X-ray is a result of the
combination of the degree of aeration and the status of the pulmonary vasculature.
An expiratory film can mimic the appearance of interstitial pulmonary edema
and/or heart failure (Fig. 3) and may accentuate inflammatory infiltrates [5]. In-
fants, especially when they are at the end of a vigorous cry, may almost completely
deflate their lungs, creating a falsely ominous radiographic appearance.
On a good inspiratory film, one should expect to see the cardiomediastinal and
diaphragmatic borders sharply outlined (Fig. 3B). The position and shape of both
hemidiaphragms should be noted. Marked discrepancies between the two sides may
be due to diaphragmatic paralysis (Fig. 4) or fluid collecting between the lung and
the diaphragm [6] (Fig. 5). The branching and tapering pattern ofpulmonary vessels
should be carefully inspected and the margins should be sharp and well dilineated.
The medial aspect of the right lower lung field adjacent to the right heart border is
often mistaken for an infiltrate because of the relative prominence of the normal
vascular structures in this region. Conversely, areas ofinfiltrate or atelectasis in the
left lower lobe behind the heart are easily overlooked. A helpful clue to the presence
of a retrocardiac density is the loss of the normal paraspinal line on the left or the
loss ofthe diaphragmatic silhouette behind the heart [5,7] (Fig. 6). Patients with car-
FIG. 3. (A) Expiratory erect frontal chest
radiograph mimics cardiomegaly and vascular
E. L ; xcongestion. Note high position ofdiaphragm and
narrow intercostal spaces. (B) Inspiratory
film of same patient is normal. A, aortic
arch; P, main pulmonary artery; V, ventricular
apex.
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FIG. 4. Frontal supine chest radio-
graph in the post-operative period
shows marked elevation of the right
hemidiaphragm due to phrenic nerve
dysfunction. During inspiration, the
paralyzed diaphragm rises paradox-
ically while the heart and mediastinum
swing to the opposite side.
FIG. 5. (A) Semi-erect frontal chest
radiograph in the post-operative period
demonstrates lateral doming of the
right hemidiaphragm. (B) Right-
side downlateral decubitus view shows
layering of free pleural fluid which on
(A) had collected between the lung
base and right hemidiaphragm.
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FIG. 6. Post-operative frontal chest
X-ray following open heart surgery for con-
__ 3, _genital heart disease shows triangular
homogeneous density obscuring left hemi-
diaphragm due to left lower lobe collapse.
_ j _ j Note lack of air bronchogram.
diomegaly, or those who may be recovering from recent cardiac surgery, are par-
ticularly prone to compression of the left lower lobe bronchus and retention of
secretions and subsequent atelectasis in the left lower lobe [8]. This can easily
simulate an area of pneumonia but usually clears once the patient can cough and
ambulate.
Parenchymal alveolar infiltrates are usually seen as areas of additional water den-
sity within the lung and can be the result of many different pathologic processes
[9,10]. Infection, edema, hemorrhage, or tumor may all have similar density
characteristics but sometimes can be distinguished by shape, distribution within the
lung, associated abnormalities, and pattern ofclearing or progression. The patient's
history, physical examination, and laboratory findings areobviously ofgreat impor-
tance in interpretation of the films once the pertinent radiographic observations are
made.
Pneumonia has a widely varying radiographic appearance, ranging from lobar or
unilateral consolidation to diffuse or centralized peribronchial cuffing [11,12].
Multiple patchy areas of infiltrate, particularly with upper lobe involvement on the
right, may suggest aspiration as an underlying pathogenic mechanism (Fig. 7). The
specific etiology of a given pneumonic process cannot be determined from the
FIG. 7. Chest film of a four-year-
or old child with Down's syndrome
presenting with fever and respiratory
simulate anae f nuoi btuuly lasodifficulty. History of possible aspira-
...m...ula...t...tion. X-ray demonstrates extensive
bilateral parenchymal consolidation
sity within thelun ad cn e te rsut omnyifespecially involving the upper lobes
and left lower lobe; note air bron-
chogram (arrowheads). Aspiration
pneumonia, secondary bacterial infec-
tion, and superimposed pulmonary
edema as well as pulmonary hemor-
Pneumonia awdyvynrio ph rhage are all diagnostic possibilities
unilateral cosoiato tdfus renrlie based on the X-ray. Also note position
of endotracheal tube in right main
sific etiology of a given pneumonic process canbronchus and kinked nasogastric tube
in distal esophagus.RADIOLOGY IN THE PICU
FIG. 8. Frontal (A) and lateral (B)
chest films in a young infant with
fever, tachypnea, and wheezing due to
acute bronchiolitis. Note depression
of both hemidiaphragms caused by
diffuse hyperinflation of the lungs.
radiographic appearance alone. Certain organisms sometimes cause characteristic
patterns of anatomic distribution but overlap with other entities, and atypical cases
make reliable determination of the etiology impossible by this method. One may
suggest a specific etiology such as pneumocystis carinii (Fig. 2), or actinomycosis [7]
but further confirmation is always necessary. Tuberculosis has a widely varying
radiographic appearance particularly in children and can be a cause for overwhelm-
ing infection, particularly in nutritionally deprived or immunologically suppressed
patients [13].
Determination of the presence or extent of pleural fluid in association with a con-
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solidative infiltrate is useful when a diagnostic thorocentesis is considered. The
presence of mediastinal shift due to an effusion is extremely important and may in-
dicate an empyema under pressure, requiring thoracostomy tube drainage. It is im-
portant to position such patients properly without any rotation of the thorax in
order to determine accurately whether there is a shift in the position of the
mediastinum. In cases where the entire hemithorax is opaque, decubitus films will
not yield worthwhile information regarding the extent of effusion, but ultrasonic
studies may be helpful.
Occasionally, patients with clinical pneumonia and concomitant dehydration will
show little indication of their infection on their initial chest X-rays. While the heart
size may be diminished, the lungs may appear quite clear only to blossom forth with
an obvious infiltrate 12 to 24 hours later when the patient has been rehydrated.
In addition to the presence of abnormal parenchymal density, another sign of
pulmonary inflammatory disease, especially in infants, is diffuse hyperinflation of
the lungs due to small airway edema and generalized air trapping [12,141. This pat-
tern, while not specific for inflammatory disease alone, correlates well with the
clinical diagnosis of bronchiolitis (Fig. 8). Viral infection is most often responsible,
but bacterial infection may also cause the phenomenon of diffuse air-trapping and
peribronchial edema. Infants are susceptible because of the small size and increased
resistance of their airways and the relatively marked degree of compromise to air
flow which small amounts of edema can cause [14]. Hyperaeration of the lungs can
be difficult tojudge on the basis ofa single frontal view alone. Determination ofthe
level of the diaphragm in relation to anterior or posterior ribs does not always help.
The shape of the two hemidiaphragms-straightened and downwardly angulated as
opposed to normally domed-is a useful sign. In this respect, lateral views may pro-
vide additional confirmation. Infants and children with cystic fibrosis often present
with severe and repeated episodes of pulmonary infection mimicking bronchiolitis
(Fig. 9). Their lungs often remain chronically hyperinflated. Hyperinflation is not a
phenomenon confined to inflammatory processes and can also be a sign of
respiratory compromise in babies with congenital heart disease, particularly large
left-to-right shunts [8,14] (Fig. 10). The pathophysiology ofthis condition probably
relates to interstitial perivascular and peribronchial edema causing similar com-
promise of the small airways, as in bronchiolitis.
Congestive heart failure is not an uncommon occurrence in the ICU and may be
associated with congenital heart disease [15], fluid overload, severe anemia, renal
FIG. 9. Chest radiograph of an in-
fant with proven cystic fibrosis show-
4, ing diffuse hyperaeration of the lungs
with scattered peribronchial infiltrates
and partial right upper lobe atelec-
tasis. A tracheostomy tube is in place.
The radiographic findings correlate
with acute and chronic pulmonary in-
fection as is typical in patients with
cystic fibrosis of the pancreas (muco
viscidosis).
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'~~~~~'~~~~~ ~FIG. 10. Frontal (A) and lateral (B)
chest X-rays of an infant with Down's
syndrome and a large left-to-right
shunt. In addition to cardiomegaly
and increased pulmonary vasculature,
note marked depression and flattening
of both hemidiaphragms and bulging
of anterior chest wall indicative of
hyperinflation. (There is also mild
subxiphoid retraction.) Both upper
lobes show complete opacification and
volume loss due to atelectasis. The
possibility of aspiration and/or
superimposed infection must also be
considered.
failure, thyrotoxicosis, and acute and/or chronic myocarditis, as well as other con-
ditions. Cardiomegaly and increased pulmonary plethora are the major
radiographic signs (Fig. 1). Increased haziness to the vascular markings as well as
signs of fluid in the interlobular septa (Kerley's lines) are helpful clues (Fig. 12)
although hazy lung markings can be the result ofrespiratory motion or poorinspira-
tion on a technically sub-optimal study. Redistribution of blood flow to the upper
lobes may be helpful when the patient is erect but is a normal physiologic
phenomenon in the supine patient.
Pleural effusion is not usually associated with congestive heart failure in infants
and children but may occur when there is elevated systemic venous pressure. This
phenomenon often occurs following the Fontan operation to correct tricuspid
atresia. In this situation, right atrial pressure is significantly increased and pleural
effusions are common in the post-operative period despite normal left ventricular
function.
59RICHARD I. MARKOWITZ
.. FIG. Ie . Prominent and
congested pattern of pul
supine position, fluid will layer outalongtheentirepmonary vascularity and car-
hemithorax Thismay be enough tocauseageneralized diomegaly in an infant with
a large left-to-right shunt
increased and congestive heart fail-
ure. Bilateral fluffy den-
sities in the upctiolung
fields represent pulmonary
damage tavorligfovruedema in this supine pa-
g ~~~~~~tient.
In the erect position, pleural fluid will first collect posteriorly and inferiorly, caus-
ing blunting of the posterior and then lateral costophrenic sulci. However, in the
supine position, fluid will layer out along the entire posterior aspect of the
hemithoraxn This may be enough to cause a generalized increase in density on that
side. When large enough, pleural effusions may be recognized on the supine film by
increased homogeneous density surrounding the lung apex superiorly and laterally.
Decubitus views may reveal a larger volume of fluid than can be appreciated on the
supine frontal radiograph (Fig. 5).
Non-cardiac causes of pulmonary edema may be suspected when the overall heart
size is normal or disproportionate to the severity of the pulmonary abnormality. In-
creased intracranial pressure, near-drowning, hypoxia, upper airway obstruction, or
intoxication may all manifest as non-cardiac causes of pulmonary edema. Primary
damage to alveolar linings from various causes may result in respiratory distress due
to an outpouring of fluid into the alveolar spaces appearing as diffuse pulmonary
edema or consolidation. Rapid re-expansion of the lung following a pneumothorax
may cause unilateral pulmonary edema. This phenomenon may be due to
mechanical factors or increased capillary permeability; however, the exact
mechanism is uncertain.
Areas of pulmonary atelectasis are important to recognize and may be caused by
intrinsic endobronchial lesions (i.e., mucous plugs or foreign bodies) or may result
from extrinsic compression of a bronchus or compression by other thoracic struc-
tures or masses (Fig. 13). While endobronchial tumors such as carcinoma are a fre-
quent cause of lobar atelectasis in the adult population, they rarely occur in
children. Inspissated mucous plugs, foreign bodies, and peribronchial lym-
phadenopathy are far more common in children and may be seen in association with
asthma, tuberculosis, and so on. Volume loss should be suspected when an area of
homogenous water density in the lungs lacks an air bronchogram or is associated
with shift of adjacent structures or pleural landmarks toward the area of abnor-
mality [16] (Fig. 6).
Compensatory hyperinflation ofadjacent lobes or segments may occur, causing a
rather bizarre radiographic pattern of alternating areas of underaeration and
overaeration within the same lung. Lower lobe collapse usually is seen as a wedge-
like triangular density located medially in the lower chest next to the spine (Fig. 6).
Right middle lobe atelectasis is best appreciated on the lateral view as a triangular
60RADIOLOGY IN THE PICU
W - - _, FIG. 12. Cardiomegaly
(including left atrial enlarge-
ment) with a congested pat-
tern ofpulmonary vascular-
ity in a child with a chronic
cardiomyopathy and pulmo-
nary venous hypertension.
Noteredistribution ofblood
to upper lobe vessels and
increased bibasilar linear
markings (smallarrowheads)
representing thickening or
-edema in the interlobular
septae (Kerley B lines).
density bounded by the minor fissure which is angled downward and the lower part
of the major fissure which bows anteriorly. Upper lobe atelectasis may cause eleva-
tion ofthe minor fissure on the right as well as increased density blending in with the
superior mediastinum, simulating a widened mediastinum (Fig. 10). Complete upper
lobe and middle lobe or lingular atelectasis may sometimes be difficult to recognize
on the frontal view alone, particularly in older children. Elevation of the hilum and
mediastinal shift may be seen, and a lateral view may demonstrate an apparent in-
creased pleural density running anteriorly between the chest wall and the
overaerated lower lobe. Rarely, anomalies such as a pulmonary sequestration may
be mistaken for lower lobe atelectasis and may be a source of recurrent fever or in-
fection.
Pulmonary hemorrhage is manifest radiographically as fluffy homogeneous
"alveolar" density in the lung. It may be a complication of intrinsic lung disease
FIG. 13. Massive atelec-
tasis of left lung with con-
gestion of right lung in a
baby with myocarditis and
massive cardiomegaly. The
left heart border is obscured
by the collapsed left lung
which presumably occurred
because of compression of
_mjes_ f '--;^#g the left main bronchus by
the enlarged heart.
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FIG. 14. (A) Supine chest radiograph per-
formed during resuscitation attempts. En-
dotracheal tube extends too far into the right
main bronchus (black arrowhead). There are
bilateral pneumothoraces, extensive pneumome-
diastinum, and subcutaneous emphysema (white
arrowheads). (B) Later film on same patient
shows thin white line(arrows) surrounding heart.
This is due to air within pericardial sac as well as
air outside the pericardium in the anterior me-
diastinum. (C) Cross-tablelateral view shows
apex of heart (H) surrounded by air. Thin line of
pericardium is faintly seen (solid arrow). Air in
superior mediastinum outlines involuted thymic
tissue (hollow arrow).
(pulmonary hemosiderosis, Goodpasture's syndrome, cystic fibrosis, and the like) or
may be secondary to blunt chest trauma. Local trauma due to intubation or repeated
suctioning may also cause bleeding. When extensive and diffuse throughout the
lung, pulmonary hemorrhage may be impossible to differentiate radiographically
from edema, aspiration, or overwhelming infection [10].
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EXTRA-PULMONARY AIR
Collections of air outside the lung and tracheobronchial tree are important to
recognize because of their dangerous effects. Subcutaneous emphysema,
pneumothorax, pneumomediastinum, and pneumopericardium as well as in-
travascular or intracardiac air may all have critical deleterious effects and should be
looked for in any patient in whom the potential for such complications exists
[17,18]. Interstitial pulmonary emphysema often occurs first but can be subtle and
difficult to recognize.
Subcutaneous emphysema can occur by inadvertent introduction of air into the
soft tissues and is often seen at or near the operative site following thorocotomy. It
may also occur following tracheostomy with leakage ofair into the soft tissues of the
neck. If the air is forced into the tissues under positive pressure from a respirator,
etc., it may dissect extensively along the fascial planes of the neck, shoulders, chest,
and abdomen, separating muscle planes. Air may also extend upward from the
mediastinum into the soft tissues of the neck and chest in the absence of a
tracheostomy (Figs. 14, 15).
FIG. 15. (A) Supine chest X-ray on an in-
tubated patient shows pneumomediastinum
separating left lobe ofthymus from heart. Streak
of air also seen at the base of the neck on the
right. (Pressure monitoring catheter extends, via
right subclavian vein, superior vena cava, right
atrium, and right ventricle, into main pulmonary
artery.) (B) Same patient as (A). Air has
now dissected into subcutaneous tissues of neck,
chest wall (arrows), peritoneum, and retro-
peritoneum (upper pole of kidneys outlined by
air). Catheter has advanced into left pulmonary
artery.
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Pneumothorax and pneumomediastinum may occur spontaneously or be the se-
quelae of underlying pulmonary disease. Vigorous coughing or high ventilatory
pressures [18,19,20] may cause air to escape from alveoli and to dissect through into
the pleural space directly or extend via potential perivascular spaces into the
mediastinum. Dissection of air along the pulmonary veins is thought to be the
mechanism for the development of pneumopericardium.
The detection of pneumothorax in the uncomplicated patient is usually not dif-
ficult and even small amounts of free intrapleural air may be recognized by the use
ofupright expiratory films [21]. In the supine patient, a small pneumothorax may be
more difficult to recognize because of the geometry of the pleural space and the ef-
fect of patient position on the location of the air. Moskowitz and Griscom have
called attention to the medial accumulation of air in infants and children in the
supine position [22]. The demonstration of increased radiolucency adjacent to the
heart or mediastinal border on one side may be quite subtle but important to
recognize (Fig. 16). Normal lung tends to retract inward toward the hilum in the face
of pneumothorax but consolidated, diseased lung may not collapse in the expected
fashion but instead remain stiff and non-compliant [23] (Figs. 2, 17). Thus the
degree of lung collapse may not always be indicative of the extent of pneumothorax
[24]. When increased positive pressure, due to a pneumothorax, exists within the
FIG. 16. (A) Supine frontal chest
X-ray in the post-operative period
shows cardiomegaly and increased
vascular and interstitial markings.
Note increased lucency on the right
due to a pneumothorax located ante-
riorly and medially between the right
lung and cardiomediastinal border.
(B) Subsequent film on the same pa-
tient shows resolution of the pneumo-
thorax (compare with A)
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FIG. 17. (A) Right medial pneumo-
f thorax in infant with myocarditis and
congestive heart failure on positive
pressure ventilation. Note vascular
catheter extending from inferior vena
cava into main pulmonary artery.
Oval white density in right chest is col-
lapsed but stiff right upper lobe.
(B) Pneumothorax has increased. En-
tire right lung is collapsed but stiff.
Free intraperitoneal air is seen below
diaphragm in epigastrium. Patient also
exhibits massive soft-tissue edema (an-
asarca).
~.
pleural space above atmospheric pressure, the hemidiaphragm on that side will shift
downward and the mediastinum will shift away from the involved side, thus in-
dicating a "tension pneumothorax" (Figs. 2, 18). On supine radiographs, the lung
may appear relatively normal in its location [25]; however, lateral views may reveal
the lung to be compressed posteriorly by a large anterior pneumothorax. Decubitus
views may be confirmatory under such circumstances but are usually not required
and may unnecessarily delay therapeutic measures.
Pneumomediastinum can be confused with a pneumothorax'but usually collects
anteriorly and superiorly in the supine patient. In children, there is usually sufficient
thymic tissue present to be well delineated by a pneumomediastinum (Figs. 14, 15).
This can be a helpful differential point in distinguishing a pneumomediastinum
from a pneumothorax on both the frontal and cross-table lateral projections. A
tongue-like projection of soft-tissue density (thymus) surrounded by air just
underneath the superior half ofthe sternum is a reliable sign ofpneumomediastinum
although it does not rule out a concomitant pneumothorax.
Air confined within the pericardial sac is usually quite different in appearance
from air elsewhere in the mediastinum. Usually it completely outlines the heart and
stops at the limits of the pericardial attachments around the roots ofthe great vessels
superiorly (Fig. 14). While this can be associated with pneumothorax or
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..... ; ...................FIG. 18. Large right-sided tension
pneumothorax following attempted
needle aspiration of pleural fluid in a
full-term newborn. The lung has com-
pletely collapsed. The heart and medi-
astinal structures are shifted far to the
left. The right hemidiaphragm is also
markedly depressed.
.v.. S...v
pneumomediastinum, pneumopericardium can be an isolated phenomenon. Small
amounts of air within the pericardium may be tolerated but once pressure builds up,
cardiac tamponade will occur.
The presence ofair within the chambers ofthe heart or within major blood vessels
of the thorax usually signifies an agonal event (Fig. 19). It may occur as an
gk ~~~~~~~~~FIG. 19. (A) Frontal chest film
(same patient as Fig. 18) shows re-
expansion of right lung. However,
within the cardiac shadow there is in-
creased radiolucency (arrows) caused
by air trapped inside the cardiac
chambers (right atrium and right ven-
tricle). (B) Cross-table lateral view
of the chest shows air within the heart
as well as small pneumoperitoneum.
Air is faintly seen within the liver (?
hepatic veins). The patient expired
shortly after these films were ob- _8 6 _ w ~~~~~~~~~~~~tained.
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FIG. 20. Prominent shunt-type vas-
cularity and cardiomegaly in a child
with alarge left-to-right shunt andpul-
monary arterial hypertension.
iatrogenic air embolus during resuscitation or operative procedures [26]. Care must
be taken during the insertion ofjugular or subclavian venous catheters so that air is
not sucked into the vascular system during the inspiratory phase of the respiratory
cycle when sudden negative intrathoracic pressures can be generated.
HEART
It is beyond the scope of this article to discuss the complete radiographic evalua-
tion of infants and children with congenital or acquired heart disease. The reader is
referred to several excellent texts which outline an approach to plain film interpreta-
tion as well as more sophisticated imaging modalities [13,15,27,28,291. Nonetheless,
in the perioperative period, when these patients are in the intensive care unit, it is
well worthwhile to be familiar with their pre-operative chest radiographs, which
should be readily accessible and available for comparison. Questions raised on the
portable studies regarding pulmonary vascular patterns, curious mediastinal
shadows, or the shape of the cardiac silhouette may be readily explainable on the
basis of the pre-operative examination. Several examples of abnormal pulmonary
vascular patterns are shown in Figs. 11 12, 20 21, and 22.
iz.. .....FIG. 21. Mildly dimin-
ished pulmonary vascular-
ity in a child with Tetralogy
of Fallot. A, prominent
ascending aorta and left aor-
A tic arch; p, smallpulmonary
outflow tract and main pul-
monary artery.
67RICHARD I. MARKOWITZ
FIG. 22. Diminished pulmonary
_**t,_ vascularityandlargeheart in aseverely
U ..cyanoticinfant with pulmonary atresia
and intact interventricular septum.
n~~~~~~~~~~~~~~~~~~~~.. ........g!gj,|'Kl
_ .. ~ ~ ~~~ ~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. ... g . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~..n.......................
Heart size may be difficult to assess on the basis of a supine portable radiograph.
Criteria such as the cardiothoracic ratio do not apply under these circumstances;
however, changes in the cardiac silhouette on comparable films with similar degrees
ofinspiration taken at the same distance may have important meaning. A sudden in-
crease in the size of the heart in a post-operative cardiac patient may indicate
myocardial decompensation but should be presumed to mean intrapericardial fluid
or blood accumulation until proven otherwise. Echocardiography should be per-
formed under these circumstances and can reveal even relatively small amounts of
fluid [28]. Poor inspiration, however, is usually the most common cause for ap-
parent cardiomegaly.
A relatively small heart can be seen in patients whose lungs are hyperinflated or
when there is a significant decrease in the circulating blood volume such as occurs in
severe dehydration or hypovolemic shock. Tension pneumothorax or pneumoperi-
cardium may also result in a small heart when there is compromise of systemic
venous return. An acute diminution in cardiac output may then result and be fatal
if the underlying cause is not corrected.
For further information regarding interpretation of the pediatric chest X-ray, the
reader is referred to several excellent sources as listed [5,7,9,10,13,14,30,31].
UPPER AIRWAY
Acute obstructions of the upper airway may present as life-threatening emergen-
cies necessitating admission to the pediatric intensive care unit. Diagnostic
radiographic evaluation can often be helpful in localizing the site of airway obstruc-
tion and refining the differential diagnosis. Usually these studies are done in the
Emergency Department but, occasionally, the patient's condition does not permit
conventional film studies and portable examinations are requested. Post-extubation
X-ray studies of the upper airway are not routinely indicated and clinical evaluation
will usually suffice. It should be kept in mind that satisfactory portable studies of
the airway are not always easy to obtain but certain tips may be helpful: (1) Exten-
sion of the head and neck and placement of the arms and shoulders downward and
posteriorly will help stretch the neck and airway and eliminate overlying shadows.
(2) Fine-detail film and short exposure times are necessary as well as soft-tissue
techniques to eliminate motion artifact and accentuate air-soft tissue contrast. (3)
Try to take the exposure during deep inspiration with the mouth open, or during
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phonation; avoid taking films during swallowing, turning the head, or complete
apnea. (4) Lateral views will usually suffice, although frontal views of the larynx
may also be valuable. (5) Films taken with nasogastric and endotracheal tubes in
place may be helpful to determine tube position but are otherwise diagnostically
worthless and only result in additional patient irradiation. Xeroradiographic, high
kvp, and fluoroscopic techniques are helpful tools in the evaluation of the pediatric
airway but are generally unavailable within the pediatric intensive care unit.
Common causes of upper airway obstruction in infants and children include
croup (laryngotracheobronchitis), epiglottitis, and foreign bodies, as well as hyper-
trophy of tonsilar and adenoidal lymphoid tissue [30,32,33]. In cases of croup,
subglottic edema causing hazy increased soft-tissue density obliterating the sharp
undersurface ofthe true vocal cords may be seen on the lateral neck radiograph (Fig.
23) and correlates well with the so-called "steeple-sign" seen on the frontal projec-
tion [34]. While croup is usually the cause ofthis radiographic appearance, subglot-
tic stenosis secondary to scarring or granulation tissue may have a similar
appearance [35]. On inspiration, the hypopharynx will balloon open as the trachea
below the obstruction paradoxically narrows. This effect will be reversed during the
expiratory phase [32]. Fluoroscopy will best demonstrate the dynamics of upper air-
way obstruction under these circumstances but may be impractical as well as
superfluous in the usual clinical situation.
Epiglottitis or supraglottitis is manifested radiographically by swelling and
enlargement of the epiglottis and aryepiglottic folds. Instead of the normal thin,
J
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FIG. 23. (A) Frontal radiograph ofupper airway ofa young child with stridor demonstrates
tapered narrowing oflumen at the glottis (vocal cords) (arrow). (B) Lateral view shows in-
creased soft-tissue density obscuring undersurface of true vocal cords (arrow). Also note
distended hypopharynx above site of obstruction on this inspiratory film. Findings compatible
with croup or stenosis due to previous trauma (intubation, etc.).
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gracile configuration of these structures, they will appear protuberant and thick-
ened. The space between the base ofthe tongue and the epiglottis (i.e., the vallecula)
will often be filled in by soft tissue edema, separating air in the pharynx from the
body of the hyoid bone (Fig. 24). It is extremely important to establish the diagnosis
of epiglottitis with absolute certainty once the clinical suspicion is raised. Con-
versely, one should be as certain as possible that it has been ruled out. Lateral neck
radiographs have been extremely helpful in this regard and are safe, accurate, and
reliable when interpreted by experienced, knowledgeable observers. When there is
doubt, it is far safer to look at the patient's epiglottis directly, preferably in the
operating room, rather than send the patient home with a potentially fatal disease.
When taking lateral neck radiographs on these patients, the patient should not be
placed in the supine position, as that may cause the tongue to fall backward, causing
gagging and airway compromise. It is important that patients with suspected epiglot-
titis not be kept waiting or be left unattended and that the film studies be examined
and read immediately. Inasmuch as acute epiglottitis is a 100 percent curable disease
when properly recognized and treated, and otherwise a potentially fatal illness, there
should be no delay in the work-up or institution of appropriate therapy. Follow-
ing intubation, there is no need for further radiographic evaluation of the upper
airway, although films of the chest for tube positioning are helpful. In cases of
severe upper airway obstruction, films of the chest prior to intubation may show
poor aeration of the lungs, cardiomegaly, or pulmonary edema [36,37,38].
Radiopaque foreign bodies in the pharynx, airway, or upper esophagus are
usually not difficult to recognize; however, non-opaque materials including food,
low-density metal (aluminum), plastic, or wooden objects may be difficult to diag-
nose and be a source of acute obstruction (Fig. 25) or a chronic infection [39].
Sometimes foreign bodies caught in the upper esophagus may perforate and cause a
FIG. 24. Lateral neck radiograph demon-
strates massive swelling of epiglottis and
..... s -x ~=ow aryepiglottic folds. Vallecula is obliterated by
soft-tissue edema and entrance to glottis is nar-
~~~~~ ~~~~rowed. Findings are classic for acute epiglottitis.
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FIG 25. Lateral neck radiograph of one-year-
X: " .....
... ," old child presenting with stridor, hoarseness, and
upy" cough. X-ray shows well-delineated, ir-
regulal shpdsf-tissue density (arrow)
I1E1 A; 1. within larynx, obscuring normal vocal cords.
During bronchoscopy a small piece of aspirated
4~~22.~~~ ~~ 2 ~ ~ chicken was removed.
chronic mediastinal infection and present as a mediastinal mass [40]. Contrast
studies, when indicated, are best done under fluoroscopy. Young children with an
occult non-opaque esophageal foreign body may present with respiratory symptoms
such as wheezing or respiratory distress rather than difficulty swallowing. In such
patients a barium swallow may prove very worthwhile. Ifsuch foreign bodies cannot
be removed endoscopically, thoracotomy may be necessary.
Benign tonsilar and adenoidal hypertrophy due to recurrent infection or allergy
may at times present as severe airway obstruction (Fig. 26), necessitating emergency
intervention. These large lobulated masses have a typical location and configuration
on lateral neck radiographs, although absolute determination of size by this method
is not particularly valuable. Occlusion ofthe nasopharynx and oropharynx as well as
the presence of pulmonary edema and hypoventilation on chest X-ray may be
helpful in deciding on surgery. The chest X-ray changes due to severe upper airway
obstruction should not be confused for diffuse pneumonia or intrinsic cardiac
disease. These changes will rapidly clear when the airway obstruction has been
relieved [36].
When enlargement of the posterior nasopharyngeal soft tissues is not accom-
panied by enlargement of the palatine tonsils in a patient without a history of
previous tonsillectomy, one should consider the possibility of a primary
nasopharyngeal neoplasm. Rhabdomyosarcomas may arise or extend into this
region and may be associated with bone invasion and destruction. Juvenile
angiofibromas may also occur in this location, particularly in early adolescent
males, and may be a cause of severe epistaxis. While these tumors generally behave
in a benign fashion, they may erode and remodel adjacent bony structures as well as
cause life-threatening nosebleeds [32].
Other acute airway problems which can be seen on lateral neck radiographs in-
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FIG. 26. Lateral neck radiograph shows large
globular soft-tissue masses obliterating nasopharyn-
geal airway and filling hypopharynx due to marked
benign hypertrophy of adenoids and palatine tonsils.
Epiglottis and aryepiglottis folds normal.
clude retropharyngeal abscesses and hematomas, laryngeal papillomata, tumors of
the head and neck, benign cysts, and malformations of the mandible or cervical
spine. Patients with Down's syndrome may also be prone to airway obstruction. Ad-
ditional references on the radiographic approach to problems of the upper airway in
infants and children are listed [13,30,32,33].
ABDOMEN
Portable radiographic evaluation of the abdomen may be indicated in a variety of
circumstances although, if the patient's clinical condition permits, technically
superior studies can be obtained in the main X-ray department. Evaluation of
vascular catheter placement and abdominal distention are the most common clinical
indications for radiographic studies, although they are not the only valid reasons.
The condition of most patients in the pediatric ICU will permit only a limited ex-
amination, consisting of at least a supine view of the enitire abdomen (pubis to
diaphragm) as well as at least one horizontal beam film (cross-table lateral or lateral
decubitus view). The position of surgical drains, urinary catheters, feeding tubes,
vascular catheters, and the like should be noted on all views obtained. Extension of
such devices beyond their expected locations should be noted and appropriate cor-
rective measures taken.
Intraluminal gas serves as a contrast material and the amount and distribution of
gas is utilized in interpretation of the films. Bed-ridden supine patients will often
have air distributed throughout the GI tract in a uniform, so-called "mosaic" pat-
tern. Individual small bowel loops usually do not stand out although gas in the
transverse colon or sigmoid may be prominent. Diffuse dilatation of multiple bowel
loops filled with gas and fluid may be the result of a paralytic ileus or bowel obstruc-
tion (Fig. 27). If gas is not seen in the distal portion of the bowel, i.e., sigmoid or
rectum, or if the dilatation increases in severity despite adequate decompressive
measures, then a bowel obstruction cannot be excluded. Contrast studies of the large
bowel may be indicated but should not be done blindly in the intensive care unit
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FIG. 27. Small bowel obstruction
secondary to adhesions in infant with
ventriculoperitoneal shunt and feeding
gastrostomy. (A) Frontal supine
radiograph demonstrates markedly
dilated small bowel loops. Exact point
of obstruction is not obvious. (B)
Cross-table lateral view shows multi-
ple air-fluid levels.
without fluoroscopic control. Instillation ofair by means ofenemas or repeated rec-
tal examination may be misleading. Air in the urinary bladder from insertion of a
Foley-type catheter can also be mistaken for rectal gas. On occasion, a prone view or
prone cross-table lateral has been recommended for determination of the presence
of gas in the rectum.
It should also be noted that sometimes in patients with feeding gastrostomy tubes
who develop bowel obstruction, the tube may act as an air vent so that dilated, fluid-
filled bowel loops proximal to the site ofobstruction contain little ifany gas, making
the situation difficult to recognize radiographically on the plain film.
There are many causes of ileus as well as mechanical bowel obstruction in
children, including primary abnormalities such as intussusception, Hirschsprung's
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FIG. 28. (A) Supine chest film shows
bilateral pneumothoraces and massive
pneumoperitoneum which outline both sides
S ~~~~~~~~~of diaphragm (arrowheads). (B) Cross-
table lateral view of upper abdomen shows
air between liver (L) and anterior abdominal
wall. (Patient's feet are to the left, head to the
disease, or volvulus; or secondary problems such as adhesions, intraperitoneal
abscesses, or traumatic hematomas. The exact nature of an obstruction usually can-
not be determined from the plain film study alone. Localized areas of soft-tissue
swelling in the groin associated with small bowel obstruction may indicate an in-
carcerated hernia, or a calcified appendicolith may indicate appendicitis but, in
general, the plain film studies alone will not specify the cause of the obstruction
[13,30,31].
Perhaps the most important radiographic findings which should not be over-
looked are those signs which are indicative of free intraperitoneal air from a perfora-
tion of the bowel. Free air may also result from extension of air from a
pneumomediastinum [41,42,43] or from direct instillation at time of surgery,
peritoneal dialysis, or needle aspiration. There is usually no problem recognizing
even small amounts of free intraperitoneal air on erect or left lateral decubitus
views; however, supine films may be misleadingly negative or show only subtle clues
to the diagnosis. Air will collect at the highest portion of the abdomen (with respect
to gravity) and so, with the patient lying flat on his back, free air will usually collect
just under the anterior abdominal wall in the epigastrium (Fig. 28). When there is
sufficient gas, it may extend over the anterior surface of the liver, thus outlining the
falciform ligament seen on the supine frontal view as a roughly vertical curvilinear
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FIG. 29. Six-month-old infant
several days after bowel resection
and colostomy. (A) Frontal
supine abdominal film shows
generalized distention as well as
multiple dilated gas-filled small
bowel loops. (B) Cross-table
lateral view (patient's head to the
left, feet to the right) shows
dilated loops with multiple air-
fluid levels (arrows). No free air
is present. (C) Cross-table
lateral view 24 hours later shows
- ~~~~~~~free intraperitoneal air anteriorly
over the liver (black arrow) and
triangular collection between
bowel loops (whitearrows). Note
both sides of bowel wall now
outlined by air. Perforation due
to breakdown of previous surgi-
cal anastomosis.
line shadow somewhat to the right of the spine, extending toward the umbilicus.
Outlining of both mucosal and serosal surfaces of the stomach, transverse colon, or
a small bowel loop will also indicate free air. Cross-table lateral views may be
helpful, especially when one does not want to move or manipulate the patient.
Triangular collections of air over the liver or between rounded bowel loops are
diagnostic [44] (Fig. 29). Once the presence of free air is ascertained, a clinical deci-
sion must be made, taking into account all aspects of the patient's history, as to the
source of the air and whether or not surgical intervention is indicated. Rarely will
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further radiographic studies be indicated. Contrast studies performed with water-
soluble agents (Gastrografin, Hypaque, or equivalent) looking for extravasation or
a local site of abnormality are usually not indicated and may (1) be misleading if
negative, and (2) dangerously delay definitive therapy. Nevertheless, if further con-
trast studies are needed, they should be performed under the direction of the
radiologist and preferably under fluoroscopic control.
SKULL, SPINE, AND EXTREMITIES
Portable skull X-rays taken in the pediatric intensive care unit, particularly on ob-
tunded or neurologically impaired patients, are now usually unnecessary, having
been supplanted and surpassed by CT scanning in diagnostic sensitivity, specificity,
and accuracy. There may be certain situations, however, where the skull film can
provide additional diagnostic information without transporting the patient to other
parts of the hospital. Because of the added complexity of taking precisely aligned
films of the skull, only frontal AP and lateral films are usually obtained. The lateral
exposure may be taken with the patient's head turned to the side or may be obtained
cross-table. The latter technique may offer additional advantages by providing a
better true lateral view as well as allowing good localization of air within the
cranium.
The routine use of skull X-rays in the evaluation of head trauma has been the sub-
ject of much controversy and debate [45,46]. Nonetheless, the detection of skull
fractures in the comatose child without a definite history of trauma should arouse
suspicion of child abuse and prompt a search for other indications of battering.
The position of opaque foreign bodies, such as bullet fragments, knife blades, or
bone fragments and the location of surgically placed catheters and drainage tubes
can be nicely localized within the skull using two views at 900 to each other.
The presence and location of intracranial air can also be demonstrated and is
often the result of recent surgery or ventriculostomy placement. Subdural air,
sometimes in large amounts, can be introduced at the time of craniotomy and may
have deleterious effects if the patient is moved or turned suddenly. Intravascular air
is rarely seen and may be a postmortem phenomenon.
The advent of computerized tomography (CT) of the head in the mid-1970s
revolutionized the field of neurodiagnosis and is now a well-established technique.
Emergency evaluation of the comatose or acutely neurologicallyimpaired youngster
will often hinge upon the CT scan, which may include enhancement with in-
travenous contrast material when indicated. These studies obviously cannot be per-
formed within the confines of the intensive care unit; nonetheless, it is essential that
these potentially unstable patients be monitored carefully before, during, and after
the procedure. Large bolus injections of hyperosmolar contrast material may cause
changes in pulse rate and blood pressure when very high dosages are used. Seizures
and renal toxicity are also potential complications. Idiosyncratic allergic reactions
can occur with relatively small doses of contrast material and manifest as vascular
collapse or as glottic edema. Fortunately, these severe complications are rare in
children but may pose a greater risk to the patient with a prior history of allergy.
Contrast material will also act as an osmotic diuretic, drawing fluid into the in-
travascular space. Contrast is excreted by the kidney as a glomerular filtrate and, if
the patient is hypotensive or has poor renal function, the contrast will remain in the
blood until excreted by other pathways (liver, bowel). Under normal circumstances,
urine specific gravity will spuriously rise due to the contrast agent in the urine, and
76RADIOLOGY IN THE PICU
FIG. 30. Head CT scan at level of third ventri-
_ _____ cle shows rim of low density over both frontal
______________________--_--- lobes (arrows), representing chronic subdural or
subarachnoid fluid collections. The frontal horns
of the lateral ventricles and the third ventricle are
.....n rm l.
-----
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CT allows for excellent spatial resolution of the intracranial anatomy as well as
tissue discrimination by virtue of the difference in X-ray attenuation. Changes due
to abnormal fluid accumulation [47], intracerebral bleeding, cerebral infarction,
focal tumors or abscesses, diffuse edema [48], and so on may be recognized and
delineated (Figs. 30, 31, 32). Repeat CT examinations may be necessary to follow
'The contrast agents currently in use are the same water-soluble iodinated salts that are routinely used
in intravenous urography and angiography, i.e., sodium and meglumine diatrizoate and iothalamate
(Hypaque, Renografin, Conray, etc.). These compounds are radiopaque by virtue of their iodine conitenit
and are primarily excreted by the kidneys. In general, the incidence ofsignificant side effects or unitoward
reactions is quite low. Nevertheless, new agents are currently being developed which are noni-ionlic in
nature and not as hyperosmolar. It is hoped that, once tested and put into routine use, thlese compounlds
will be even safer and have fewer physiologic effects than the contrast agenits now in use.
.______________________________________________ FIG. 31. Head CT scan without
contrast enhancement in an infant
- - ~~~~~~witha parietal skull fracture and a
large extensive hematoma. Areas of
increased density (arrows) represent
areas ofintracerebral blood. Also note
blood in interhemispheric fissure (white
line in midline).
77FIG. 32. Four sagittal CT "slices" at different
levels of the brain in an infant with a large brain
- - _22 abscess. Note lucent (darker) central collection
surrounded by contrast-enhancing rind of tissue.
There are several smaller collections as well as
marked midline shift and contralateral ventricu-
lar dilatation due to obstruction.
the course and therapy of these patients and should be correlated with the clinical
and laboratory findings.
Several recent publications are available reviewing the basics of CT interpretation
and technique [49, 50, 511. Physicians and nurses who are involved in the care of
these patients should become familiar with the basic principles of this fascinating
and invaluable tool.
Spine films may be helpful in following patients with spinal trauma who are in
traction or other immobilization devices. Plaster casts greatly obscure bone detail
and severely limit the resolution of portable as well as conventional film studies.
Tomograms or myelograms are sometimes required but cannot be done using por-
table techniques.
Long bone film studies may be helpful in detecting metabolic abnormalities such
as rickets, chronic heavy metal intoxication, or changes due to leukemia or severe
stress [13]. The detection of healing fractures, particularly at the corners of the
metaphyses in babies, may be further evidence of child abuse and thereby prompt
social and/or criminal investigation [52,53]. Special oblique views of the rib cage
may be necessary to evaluate the bony thorax more completely and should be ob-
tained when there is any suspicion on routine frontal views (Fig. 33).
It should be realized that not all healing rib fractures are due to child abuse but
can obviously be the result of previous surgery, cardiopulmonary resuscitation, or
primary bone disorders such as the rare case of osteogenesis imperfecta. In the
absence of such a history, new and/or old fractures of the ribs in infants must be
ascribed to severe trauma due to child abuse until proven otherwise. There is an
abundant literature on this tragically sad and growing problem of the "battered
child." The late Dr. John Caffey made some of the original radiographic observa-
tions on this entity and his scientific and philosophic comments remain pertinent
[13,52,54].
SPECIAL IMAGING TECHNIQUES
It is becoming increasingly clear that multiple modality imaging with CT, ultra-
sound, and nuclear imaging may offer valuable information in many clinical
pediatric situations, including those youngsters in the intensive care unit. While
ultrasound studies, particularly real-time, two-dimensional imaging, can be done at
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FIG. 33. (A) Supine chest
radiograph on young in-
fant. Lungs are clear and
there is normal thymus
MO ~~~~~~~bscuring the left heart
border. Note subtle defor-
mities andswelling ofmulti-
pleribs (arrows). (B and
C) Oblique views of chest
performed several days ear-
lier show callus formation
at antero-lateral aspects of
left fourth through seventh
ribs (arrows) and deformi-
ties of right third, fourth,
fifth, andsixth ribs (arrows)
due to healing fractures.80 RICHARD I. MARKOWITZ
the bedside, the method has certain technical limitations arising from the degrada-
tion of the image by bowel gas or lung air. It may be very helpful, however, in
evaluating liver, gall bladder, kidneys, spleen, or pelvic structures, among other
regions of interest. Echocardiography is a well-established technique which can be
done at the bedside and can provide important physiologic and anatomic informa-
tion. Two-dimensional, real-time imaging of the heart may be particularly valuable
in the preoperative and post-operative assessment of patients with congenital heart
disease and such equipment and professional expertise should be readily available to
intensive care unit patients. Several investigators are studying the usefulness of ab-
dominal CT in children in selected cases of abdominal trauma [55,56,57]. This tech-
nique has revealed rather striking injuries hitherto imaged only by a combination of
multiple examinations, invasive procedures, or not at all. Radionuclide imaging with
low-dose radioisotopes such as technetium 99m has become quite sophisticated,
especially with computerized acquisition and manipulation of data. Scans of lung,
liver, bone, kidneys, blood pool, and the like may be helpful under a variety of cir-
cumstances, although they are usually not bedside examinations. Cardiac nuclear
imaging likewise has become quite advanced and is an important diagnostic tool in
the adult coronary care unit. Ultimately these techniques will find a role in the
pediatric intensive care unit and will provide us with new insight into the physiology
of many disease processes. Exactly how this new technology should be applied and
under what specific circumstances remains to be elucidated further.
SUMMARY
In this article, the author has tried to highlight some of the radiographic tech-
niques available in the pediatric intensive care unit as well as some of the more com-
mon abnormalities encountered in these patients. It is often a great challenge to
figure out just what is going on when viewing the limited X-ray studies on these sick
children. To do so without the benefit of all the pertinent clinical information is to
do a disservice to the patient. For this reason, close communication between the
radiologist and the clinical ICU staff is strongly encouraged. Such a "team ap-
proach" should facilitate better diagnosis and, it is hoped, better patient care.
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